Phenylketonuria (PKU) therapy demands phenylalanine (Phe) calculation. In most countries, almost all food is taken into account, even fruits and vegetables. We investigated whether unrestricted consumption of fruits and vegetables negatively influences metabolic control. Nineteen PKU children (2-10 years) started with 2 weeks of free or restricted fruit and vegetable intake. After 2 weeks, the regime changed from free to restricted or restricted to free (cross-over design). Over the first 4 weeks, dried blood Phe concentration was measured, fruit and vegetable consumption recorded and nutrient intake calculated from diet records. Thereafter the diet was changed to free use of fruits and vegetables for all patients. Six and 12 months later, diet and Phe concentrations were monitored. Median Phe intake increased significantly by 65 mg/day (week 4, Po0.001), 68 mg/day (month 6, Po0.001) and 70 mg/day (month 12, Po0.001). Dried blood Phe concentrations remained stable (P ¼ 0.894), as did the frequency of Phe concentrations above the recommended range (P ¼ 0.592). In conclusion, PKU diet liberalization for fruits and vegetables seems unproblematic.
INTRODUCTION
Classic phenylketonuria (PKU, OMIM 261600) is one of the most common inborn metabolic disorders. Phenylalanine (Phe) cannot be metabolized because of deficient phenylalaninhydroxylase activity (EC 1.14.16.1). Early diagnosis and treatment with strictly limited protein and Phe intake prevents mental and physical disabilities. 1, 2 Regular determination of dried blood Phe concentration as well as calculation of Phe intake by weighing all food is the basis of the lifelong therapy.
Simplifying the diet without impairing metabolic control is a major challenge, since diet adherence is often poor, especially during adolescence and adulthood. 3 One option, the liberalization of fruit and vegetable intake, which would affect a large portion of the total food intake, has been shown to be feasible without compromising metabolic control in two short-term studies in a strictly controlled in-patient setting 4 and in a daily-life, out-patient setting. 5 This current study reports the long-term effects in an extended observation of the latter study.
PATIENTS AND METHODS

Study design
The design and results of the core trial have been published. 5 It was registered as DRKS00000509 and approved by the ethics committee of the University of Leipzig, Germany (registration number: 289-09-141209). Patients/guardians were informed in writing and gave their written consent. In summary, PKU patients between 2 and 10 years of age and with a mean dried blood Phe concentration of o360 mmol/l 6 months prior to study underwent a randomized cross-over intervention with 2 weeks each of restricted consumption and of free access to fruits and vegetables with o75 mg Phe/100 g (study phases 1 and 2). Thereafter, all patients were given free access to fruits and vegetables for another 12 months. Phe concentration was determined bi-to four-weekly. Diet records and dried blood Phe concentrations were recorded over a 3-day period after 6 (study phase 3) and 12 months (study phase 4) (Figure 1 ). No standardized meals were given.
Patients
Twenty-five PKU patients, aged 2-10 years with a documented average dried whole blood Phe concentration of o360 mmol/l, determined over the previous six months, were enrolled. Six patients were not able to fulfill essential study criteria or did not finish the protocol because of the workload. Nineteen patients with the mean age of 4.7 years (SD 2.1) and a mean Phe tolerance of 357 mg/day (SD 1.3; range 215-660 mg/day) could be included into data analysis, however, three of them did not complete the last 6 months of the study protocol.
Methods
Phe concentrations in dried blood were determined by liquid chromatography/tandem mass spectrometry as described. 6 Nutrient intake was analyzed by evaluation of diet records, using Bundeslebensmittelschlü ssel, version II.3, 7 and data provided by the manufacturers. Intake of fruits and vegetables was calculated as percentage of the current recommendations. 8 
Statistical analyses
Patients completing at least three study phases (n ¼ 19) were included in the analyses. Data from each study phase was averaged. The sequence of the core trial (study phase 1 followed by 2 or vice versa) had no effect on the outcome. Data from restricted fruit and vegetable intake of all patients were combined and designated as phase 1, and data from liberated consumption as phase 2. Longitudinal changes were analyzed by Friedman 
RESULTS
Longitudinal data of metabolic control are shown in the table. Throughout the study, mean dried blood Phe concentrations remained within the recommended range. The frequency of Phe concentrations above the therapeutic range (40-240 mmol/l) decreased slightly but not significantly (Table 1) .
Following the restricted diet our patients consumed 91% of the recommended amount of fruits and vegetables for German children. Despite liberalization of fruit and vegetable intake their consumption (in g), as well as the Phe intake from these foods remained stable during all study phases (Table 1) . Owing to the liberalization of fruit and vegetable consumption, Phe tolerance (Table 1) increased significantly (Po0.001). The increased protein intake in study phases 3 and 4 was a consequence of the adjustment of amino-acid mixture to increasing body weight, in order to keep the protein supply within the recommended range over the 1-year period.
DISCUSSION
In our short-term study, unrestricted intake of fruits and vegetables in the PKU diet did not impede long-term metabolic Figure 1 . Study design. Patients were randomized to study phase 1 or 2, cross-over after 2 weeks. After 4 weeks, evaluation of all data and changing diet to free use of fruits and vegetables for both patient groups during study phase 3 and 4.
diet record and phenylalanine concentration in dried blood at the following day (days 1, 2, 11, 12, 13, 15, 16, 25, 26, 27, 178, 179, 180, 363, 364, 365). FREE: free use of fruits and vegetables. RESTRICTED: restricted use of fruits and vegetables. control, measured by mean Phe concentrations or frequency of Phe concentrations above the therapeutic range. 5 The present 1-year follow-up shows that this condition is fully maintained over a long period, despite an overall increase of Phe tolerance by 68 mg/day. We hypothesize a poor Phe utilization from fruits and vegetables, because of their lower protein digestibility. Individuals consuming a lot of fruits and vegetables may therefore have a seemingly higher Phe tolerance, while this phenomenon is in fact due to poor utilization of Phe from these foods. 9 Our results extend the experience from a total of three studies which showed similar results in different settings: using standardized meals, 4 inclusion of patients with hyperphenylalaninemia 10 and the original short-term trial from our centre. 5 Interestingly the eating habits of the patients, particularly with regard to fruit and vegetable consumption, did not change over the period of one year. Instead of consuming more of the food, which does not have to be accounted for, they made use of the newly gained dietary freedom to eat more protein-rich food, which still has to be calculated into the daily Phe intake. Whereas 68 mg of additive Phe intake may not be of relevance for a healthy person, it translates into a 28% increase in Phe intake for our PKUchildren. The most significant consequence is not the additional amount of Phe the patients are allowed to take, but moreover a newly gained freedom of considerable dimension: the patients are allowed to eat from a large and healthy food group without calculation and without the necessity to ask the parents. Our results encourage further studies to evaluate which other foods can be liberated without jeopardizing metabolic control.
Table1. Comparison of the study phases
